ABSTRACT. A molecular epidemiological analysis was performed in 19 rabies viruses (RVs) isolated from haematophagous, frugivorous and insectivorous bats, in Sao Paulo, Brazil. The authors carried out RT-PCR for amplification of the RV nucleoprotein (N) gene, and determined 1,335 nucleotide sequences of N gene by direct sequencing method. Phylogenetic analysis, which was based on the N gene of Brazilian RV isolates identified presently and previously, revealed that RVs isolated from bats were genetically divided into four lineages had a tendency to depend on the host bat species. Rabies viruses (RVs) isolated in Brazil belong to genotype 1 of genus lyssavirus, family Rhabdoviridae. Ito et al. [7, 8] reported that main reservoirs of RVs were dogs and vampire bats and that the RVs were classified into dogrelated RVs and vampire bat-related RVs in Brazil. In some areas of Brazil, the rabies outbreaks by both dog-and batrelated RVs occurred at the same time [7] . RVs have been isolated from not only haematophagous bats but also frugivorous and insectivorous bats in Brazil. In Argentina, RVs isolated from frugivorous bats (Artibeus lituratus) were identified to be the variant of RV associated with haematophagous bats by use of the monoclonal antibody panels [4] . Recently we have demonstrated that RVs isolated from Brazilian frugivorous bats (Artibeus spp.) were phylogenetically characterized as the vampire bat-related RV [18] .
Rabies viruses (RVs) isolated in Brazil belong to genotype 1 of genus lyssavirus, family Rhabdoviridae. Ito et al. [7, 8] reported that main reservoirs of RVs were dogs and vampire bats and that the RVs were classified into dogrelated RVs and vampire bat-related RVs in Brazil. In some areas of Brazil, the rabies outbreaks by both dog-and batrelated RVs occurred at the same time [7] . RVs have been isolated from not only haematophagous bats but also frugivorous and insectivorous bats in Brazil. In Argentina, RVs isolated from frugivorous bats (Artibeus lituratus) were identified to be the variant of RV associated with haematophagous bats by use of the monoclonal antibody panels [4] . Recently we have demonstrated that RVs isolated from Brazilian frugivorous bats (Artibeus spp.) were phylogenetically characterized as the vampire bat-related RV [18] .
There are many reports of human cases on infection with insectivorous bat RVs, and the number of the cases tend to increase in North America [10] [11] [12] . In 2002, Favi et al. [5] reported that insectivorous bat (Tadarida brasiliensis) RV variant was isolated from a human patient in Chile. In Colombia and Venezuela insectivorous bat RV variants were also isolated from dogs and cats, which were main RVtransmitters to human [2, 14] . Although some kinds of insectivorous bats have been diagnosed as RV-positive in Brazil, there have been no reports of the human case on infection with insectivorous bat RV variants until now. RVpositive insectivorous bats were, however, found in urban areas, and this fact has been considered as important problems in public health [1, 6, 17, 21] .
As there is little information about the genetic characteristics of bat-related RVs in Brazil, authors determined nucleotide sequences on the N gene of RVs isolated from 9 Brazilian bat species. Phylogenetic analysis was also performed for the epidemiological study with the isolates identified previously.
MATERIALS AND METHODS

Viruses:
In this study, 19 RVs were isolated from 3 haematophagous bats (Desmodus rotundus), 1 frugivorous bat (Artibeus lituratus), 13 insectivorous bats (3 Nyctinomops laticaudatus, 2 Eumops auripendulus, 4 Eptesicus furinalis, 2 Molossus molossus, 1 Molossus abrasus and 1 Molossus rufus) and 2 unclassified bats, and their nucleoprotein gene sequences were determined. Brain materials from these bats were diagnosed as RV-positive by immunofluorescent antibody test (FAT) using a rabbit polyclonal anti-rabies nucleocapsid antibodies (Sanofi Diagnostics Pasteur, Marnes La Coquette, France) and then passaged intracranially into mice, followed by FAT for the confirmation of RV-positive. RV RNAs were extracted from these mouse brains with QIAamp Viral RNA Kit (QIAGEN, Hilden, Germany). Each isolate was designated in Table 1 . In addition to the isolates identified in this study, nucleotide sequences of the other isolates retrieved from GenBank were used for the homology and phylogenetic analyses (Table 1) .
RT-PCR:
The RT-PCR and RT-PCR products purification were performed according to our previously study [16] . P1/N8 and P1/BRABP-C1 primer pairs specifically amplified 1,482 and 1,430 nucleotide sequences of RV N gene, respectively. The P1/N8 primer pair was designed by Ito et al. [7] . The BRABP-C1 primer was based on the sequences from GenBank database. The P1/N8 primer pair was used to amplify N gene of all haematophagous bat isolates, BR-
AL4, BR-NL1, BR-MM1, BR-MA1, BR-EF2, BR-EF3, BR-BAT1 and BR-BAT2. The P1/BRABP-C1 primer pair was used for BR-EF1, BR-EF4, BR-EA1, BR-EA2, BR-NL2, BR-NL3, BR-MM2 and BR-MR1.
Direct sequencing and phylogenetic analysis: Direct sequencing, connection of obtained nucleotide fragments, design of a phylogenetic tree and calculation of nucleotide homologies were performed as follows our previous study [16] . Nucleotide sequences and the position of primers used for direct sequencing were shown in Table 2 . In this study, authors indicated that each Brazilian variants isolated areas at Fig. 2 . We have to plot isolated areas from other country's variants because of Brazil shared borders with various countries. However, it was impossible for us to find isolated areas of these variants. Thus, we performed geographical analysis using only variants isolated from Brazil.
RESULTS
In this study, authors determined the N gene sequences of nineteen RVs isolated from Brazilian haematophagous, frugivorous and insectivorous bats.
To investigate the epidemiological relationship among Brazilian bat RVs, phylogenetic analysis was carried out using the N gene sequences (1,335 nucleotides: 89-1,423) of Brazilian RV isolates (Fig. 1) . Brazilian RV isolates were divided into two main clusters; one consisted of dog-related RVs and the other consisted of bat-related RVs. The batrelated RVs were generally segregated into four distinct genetic lineages (Haematophagous bat, Insectivorous bat 1, 2 and 3) (Fig. 1) . Insectivorous bat 1 consisted mainly of Eptesicus furinalis isolates; BR-EF1, BR-EF2, BR-EF3, BR-EF4, BR-EA1 and BR-NL2. Insectivorous bat 2 consisted mainly of Molossus spp. isolates; BR-MM1, BR-MM2 and BR-MA1. Insectivorous bat 3 consisted of Nyctinomops laticaudatus isolates; BR-NL1 and BR-NL3. The nucleotide homologies among each group of Insectivorous bat 1, 2 and 3 were more than 99%, 97% and 99%, respectively.
The lineage of haematophagous bat consisted of three haematophagous bat isolates (BR-DR1, BR-DR2 and BR-DR3), one frugivorous bat (BR-AL4), two insectivorous bat isolates (BR-MR1 and BR-EA2) and two unclassified bat isolates (BR-BAT1 and BR-BAT2), together with other haematophagous bat-related isolates as shown in Table 1 and Fig. 1 . Although BR-MR1 and BR-EA2 were isolated from insectivorous bats, they belonged not to the lineages of insectivorous bats but to the lineage of haematophagous bat with high nucleotide sequence homologies of 97-99% to other isolates in this lineage. This phylognetic tree also revealed that the haematophagous bat lingeage had relationship more closely with two isolates from Chilean insectivorous bats (CHTB and CHIB) than with three insectivorous bat lineages in Brazil, and the nucleotide homologies of Brazilian haematophagous bats (BR-DR1, BR-DR2 and BR-DR3) with Chilean insectivorous bats were more than 91%.
DISCUSSION
In Brazil, rabies occurs in two epidemiologic cycles; urban and sylvatic rabies. Due to the effective vaccination programs, the cases of urban rabies; the main reservoir is the domestic dog, have decreased in some large cities such as Sao Paulo and Rio de Janeiro. In contrast, sylvatic rabies maintained by wildlife populations, especially by chiropteran, has been reported in an increasing manner [9, 15] . However, little is known about the reservoir of sylvatic rabies other than haematophagous bat in Brazil.
The phylogenetic analysis revealed that Brazilian bat RVs were genetically divided into four lineages had a tendency to depend on the host bat species. The first lineage (Haematophagous bat) consisted mainly of Desmodus rotundus isolates, was closely related to Tadarida brasiliensis isolates in Chile. The close relationship between Tadarida brasiliensis and Desmodus rotundus isolates was also reported in Mexico [3] . A frugivorous bat isolates (BR-AL4) belonged to this lineage and this result was consistent with our previous report [18] . Interestingly, BR-MR1 and BR-EA2 isolated from insectivorous bats also belonged to the lineage of haematophagous bat, implying that spillover of vampire bat rabies variant into insectivorous bats occurred there. The other three lineages (Insectivorous bat 1, 2 and 3) consisted of isolates from each distinct genus of insectivorous bat. However, the Insectivorous bat 1 lineage included BR-NL2 (isolated from Nyctinomops laticaudatus) as an exceptional instance. These results suggest a possibility of that there are species-specific viral variants in the Brazilian bats RVs. The fact that the isolates obtained from the same host species in separated areas belonged to the same lineage in the phylogenetic tree may support this speculation. For example, BR-MM1 and BR-MA1 isolated from Molossus spp., were segregated into the lineage of Insectivorous bat 2 although both isolates were obtained with a long distance of more than 200 km on another occasion (Fig. 2) . The existence of specific RV variants to the host bat species was reported in North America. In the United States, it was recognized that the genomes of bat RVs were exhibiting mutations characteristic to each host bat species [11, 19, 20] . The same situation was discussed in Canadian bat RVs, especially in migratory bats. As for non-migratory bats, they tend to maintain species-specific RV variants that were further divided into the each sub-group associated with the geographical area of origin [13, 19] . Thus, our findings that Brazilian bats have a tendency of that they maintain speciesspecific RV variants independently accord with the epidemiological studies of bat RVs in North America. The present study is the first report to deal with molecular epidemiological relations among RVs of bats in Brazil where haematophagous, insectivorous and frugivorous bats share their inhabitation area. These results are important to understand the epidemiology of rabies; the natural history of this wildlife zoonosis still remains unknown in detail. Considering the great number of bat species in Brazil, it is likely that unknown RV variants exist in bats. Since every bat species analyzed in this study inhabit in urban areas, these bat spe- cies have potential to transmit RVs to human. Therefore, to identify the circulation mechanism of bat RVs, the phylogenetic analysis methods serve as an effective tool when we determine the original host of endemic rabies, and it would provide useful information for the prevention of bat related rabies.
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